IT is usual, when discussing infection, to classify the various types as acute, subacute, and chronic. Unfortunately when this division is applied to captive wild animals it breaks down to a very great degree, so frequently is it impossible to say from the post-mortem into which division the case should go. Sometimes it is easy enough; the animal is in the best of coat or plumage, fat without being over-fat, and from the macroscopic and microscopic inspection obviously dead of an acute illness. Conversely, extensive wasting (I say extensive, because many mammals and birds are singularly devoid of fat when in health) and conditions such as intense fibrosis or calcification indicate a chronic infection. But in between these extremes lie a large number of cases, wherein the duration of the illness cannot be estimated. There is no real history; at the best the keeper can only say that the patient was out of sorts, or inclined to mope, or off his feed, and even this last or rather its converse is not always a reliable indication. I bave carried out a post-mortem on a monkey which had died of a well-advanced pneumonia, with both hands as well as its stomach full of boiled rice. I think, therefore, that the division " subacute " must drop out.
Let us first consider what are the commonest sites of acute infections. Without a doubt the two commonest sites of infection are the pulmonary and alimentary systems. In the pulmonary system all grades of lesion are found, from a slight generalized congestion, combined with some cedema, to a massive red hepatization of almost the whole of the lung area.
I have never met with pleurisy with effusion, except when tuberculous. Pleurisy of the dry order occurs, but not commonly. In the lungs all degrees of infection are noticeable. I bave on the table two specimens, one showing complete hepatization (in a capybara), the other in a very much earlier stage (in a coypu); and this brings me to a very important point which I wish to make, in the description of infections, and more particularly pulmonary infections, and that is the extraordinarily low powers of resistance exhibited by so many captive animals. A classical example of this was afforded by the polar-bear cubs, which invariably died of pneumonia within a week of birth; at least, when I say invariably, I must except those few cases where accident had been the cause. The result of this poor resistance, as seen in the post-mortem room, is that death occurs when the state of the lungs is that corresponding to a very earlv stage of disease. Dr. Gaskell, to whom I sent specimens illustrating some of these pulmonary infections, said that the state of the lung was comparable to that seen in animals inoculated artificially with a heavy dose of a virulent bacterial culture. This accounts for the fact that grey hepatization is so rare. The animal dies before that stage is reached. It becomes evident in another way. I have at various times stepped aside from strict pathology and become a clinician. I have frequently learned something in doing so. On several occasions I have attempted to treat animals with acute pulmonary infections. In spite of every attempt to maintain the strength of the patient, death has invariably resulted.
on section some part of the affected lobe is found to be aerated, and the microscope shows that the real state of affairs is a broncho-pneumonia with many small foci of disease.
There is no particular type either of mammal or bird which is specially immune or specially subject to acute pulmonary infections, although one may perhaps say that the larger birds are the least frequent denizens of the post-mortem table. Among the mammals, size is no criterion of power of resistance whatever. I have seen a giraffe apparently well one evening and dead on the next morning, with a congestion of the right lung in quite an early stage, while I have seen a marmoset put up quite a good fight against a pneumonia, and be one of the few instances of an animal reaching grey hepatization.
It is not unlikely that you are wondering what are the causal organisms, So far the pneumococcus and the streptococcus, both haemolytic and non-haemolytic, have been identified, and the Pfeiffer bacillus has been suspected in sections but not isolated in cultures. The tubercle bacillus I shall refer to later. Under the microscope are examples of lung containing organisms. One is the pneumococcus in a lion-cub. The other specimen is from a mona cercopitheque, showing what appears to be Pfeiffer's bacillus in large numbers. This last is one of Dr. Gaskell's sections.
Purulent pericarditis is not uncommon among animals. Under the microscope is a specimen showing what appear to be streptococci, but I have never been able to cultivate one of these. Birds sometimes have pericarditis with more or less effusion, but the usual form of avian pericarditis takes on the appearance of a thick white chalky pericardium, which is generally supposed to be of gouty origin. I have never, either miscroscopically or chemically, been able to prove the presence of uric acid.
Let us now turn to the other great site of infection, the alimentary canal. Enteritis among mammals, birds and reptiles always has been a most prevalent cause of death. Since the introduction of greater cleanliness and better quality of food, the incidence has fallen somewhat among the mammals, but in the birds there is no falling off except among the carnivora, where a better quality and more suitable meat has been given.
When we come to the description of tne causal organisms, I must confess to a complete inability to give a satisfactory display. I have isolated a pure culture of Bacillus pyocyaneus in a kangaroo, which had extreme diarrhoea, of which it subsequently died. Also I have found the same organism in several other animals, such as a civet cat, a panda and cat-bear. Among the birds only one organism has been isolated, and this was done by your Secretary, Colonel Perry. It was the Bacillus aertrycke (" mutton " type), and was found by him on two occasions, in a touracou and a little parakeet.! The lack of organisms isolated is not an index of the number of attempts made, both from faeces during life, and from scrapings of gut post mortem. As a result of this, one point has struck me, which is, that while in the healthy bird the crop of colonies of Bacillus coli on a plate is not large, in a diseased bird the colonies are very numerous.
I wish to put forward the theory-and I admit it is only a theory-that the Bacillus coli plays a far more important part in the pathology of enteritis in birds than it does in the human subject. Excepting some of the carrion and fish eaters, there are no birds which are receiving a diet anything like approaching their natural diet, and I submit that in this way their resistance, both local and general, is diminished, until the stage is reached at which Bacilluts coli becomes pathogenic. I have not, so far, said anything about the actual path of infection of the gut, and I have little to say. I am able, however, to produce two instances showing paths of infection. One should be of special interest to this Section. The specimen has already been shown by Colonel Perry; but as this was four years ago I may be allowed to show it again. It is from a case of helminthiasis, in a clouded tiger, the infection being one of Uncinaria perniciosa. In the section shown the intestinal mucous membrane is seen to be intact, and the submucosa to be invaded by the worm, in the gut of which are bacteria of various kinds. The other case is that of a jungle-cat, which had osteomyelitis of the lower jaw. The stomach shows numerous ulcers, which in the section shown contain at their base large numbers of a large Gram-positive bacillus, presumably a secondary infection to that of the jaw. The skull and stomach are also shown.
The last class of acute infections with which I have to deal are the septicaemias. From these I have isolated one, if not two, organisms. The first is that of Bacillus pyocyaneuts, mentioned above, which in some of the cases, notably the panda, seemed to produce a general septictemia rather than a localized lesion. The other organism belonged to the Pasteurella group, and was isolated respectively from a marmoset, a chevrotain and a rat-kangaroo. The marmoset was the first case in which I attempted a bacteriological examination. It raised hopes which were doomed to grave disappointment.
Turning now to the chronic infections, the most important is tuberculosis. There is, I find, an idea very prevalent among the general public, both lay and medical, that tuberculosis causes the bulk of deaths among the mammalia in the Gardens. This is not so. It is, I think, a diminishing disease, but occasionally there are epidemics of it, which keep up the numbers of the cases. Such an epidemic occurred in the anthropoid ape house in the early part of 1924. With regard to the incidence of the disease, among the mammalia, the apes, monkeys and herbivora appear to be the most susceptible, while the carnivora and rodentia are very much less so. Among the birds the disease has diminished greatly in the last two or three years, and scarcely a case has occurred during the last year outside the western aviary, which is somewhat ancient, crowded and, owing to the Mappin terraces, rather sunless. It is worthy of note that here the ground-feeding birds are almost entirely the ones affected.
Both the human and bovine types of infection exist among the mammals. It is something of a puzzle how bovine infections occur in some instances. One can quite understand it in those animals whose diet consists, in some part, of milk, such as the anthropoid apes, only they have died of tuberculosis of the human type; but how an animal such as the rhinoceros living in solitude acquired the bovine type it is difficult to see.
Both pulmonary tubercle and abdominal tubercle occur, and it is not always easy to say what was the original site, so generalized have the lesions become by the time the case comes to the post-mortem table. I have only once seen joint tuberculosis, and that was in a dove, both knees being affected. The cases are nearly always of fairly long standing, though in the one exhibited, that of a bear, the disease was an acute tuberculous pneumonia. This is the only case of the kind I can recall. Pure intestinal tuberculosis as a primarylesion seems somewhat uncommon. The uro-genital system is rarely infected. I have s.een only two or three cases.
Aspergillus fumigatus has, in the past, been a frequent cause of death among the birds, though at present the incidence is small. The perpetual existence of the spores in the soil, however, always constitutes a danger, though at the present time the authorities are alive to it and keep the disease in check by frequent liming and re-turfing.
The disease takes the form either of a moderate growth of mycelium with free growth of spores, in which case it appears to kill by a tox8emia, or sometimes the reverse is the case, and death is apparently due to mechanical causes. The spores contain a toxin extractable with ether, but up to the present I have not succeeded in getting it in state of purity.
The air-sacs of birds are the commonest site, and I have never seen it in a mammal, though my predecessor, Dr. Plimmer, records an epidemic of it in kangaroos and wallabies.
What I have seen in these animals is a disease starting in the jaw, generally in the tooth sockets, where a septic focus is formed, with a spreading suppuration, causing death by inhalation-pneumonia. Dr. Fox attributes this to a streptothrix, which he has with difficulty isolated in pure culture and which he calls Nocardia macropodidarutm. So far, experimentally, he has failed to reproduce the lesion by the inoculation of this streptothrix into the jaws of animals; hence its being the cause is still open to doubt.
So far I have said nothing about the communicabilitv of these infections to man. With the exception of the Pasteurella, they are all found in man, although the pathogenicity of Bacillus pyocyaneus is doubtful. We must, I think, view with caution the idea that epidemics of pulmonary infection which occurred in the Gardens and in the streets simultaneously were in any way a cross-infection. As I have shown elsewhere certain climatic influences render both the higher and lower mammals equally susceptible to any prevalent infection.
As far as I am aware an instance of man infecting the animal, or vice versa, has never occurred at the London Zoological Gardens. At the Zoological Garden at Ghizeh it was found that the mortality of the animals from tuberculosis was diminished by increasing the distance between the animal and its visitor, until the expectoration of the latter could no longer reach the former.
DisCUs8ion.-Professor F. T. G. HOBDAY said that it was interesting to note that the diseases of animals in captivity were much the same as those of animals kept in a state of domnestication. Like Dr. Lucas, he had seen an animal (the one he referred to was a cat) which had died of well-advanced pneumonia whilst actually eating food. He agreed that the two commonest sites of infection were the pulmonary and alimentary systems, and his experience of what few wild animals had come under his care had been like that of Dr. Lucas, that when they suffered from acute pulmonary infections they almost invariably died. Dr. Lucas stated that purulent pericarditis was not common amongst mammals. This condition was by no means common amongst the domesticated varieties; and when it did occur, it was usually traumatic in origin.
He (Professor Hobday) agreed in the observation made by the author that the incidence of death from enteritis was less in animals which were fed in a cleanly manner than in those in which the feeding and hygienic conditions were bad. This had been especially noticeable of late years in large kennels and avaries, where the animals were valuable and the owners had in consequence made the matter of feeding and hygienic housing one of important attention. It was emphasized by one of Dr. Lucas's remarks, in which he said, in speaking of tuberculosis, that the ground-fed birds were almost entirely the ones affected.
In regard to the case of the rhinoceros in which bovine tuberculosis infection was shown post mortem, he wondered whether this animal's domain was anywhere in direct or in indirect contact with the cattle pens, and whether there would be a prospect of infective material being carried into the rhinoceros's quarters by the one or other means. He (Professor Hobday) would also like to know whether the epidemic amongst the kangaroos and wallabies, in which the septic disease originated in the tooth-sockets of thb jaw and eventually caused inhalationpneumonia, chiefly affected the older animals. It was satisfactory to learn that so far as could be ascertained no case had occurred of infection being spread from the animals to man or vice versa.
Lieut.-Colonel H. MARRIAN PERRY said that with reference to the alimentary infections discussed by Dr. Lucas, there were a few points which called for comment. The isolation of Bacillus pyocyaneUs from the intestinal contents, whether in cases of human or of animal enteritis, was of little value as an indication of active infection with this organismn in the absence of positive blood-culture. It was well known that this bacillus was very frequently present in the intestinal tract as a secondary invader, and in such cases could be regarded as an etiological factor. Regarding the hypothesis that Bacillus coli assumed an enhanced virulence and played an active role in the production of these conditions, he (Lieut.-Colonel Perry) did not consider that it could be accepted in default of any observations on the development of antibodies in the blood for this organism-such as agglutinins. These observations, if positive, would afford some evidence of an active invasion of the intestine by this bacillus.
Dr. LUCAS (in reply to Professor Hobday) said that the rhinoceros and the cattle lived at almost opposite ends of the Gardens. In the case of the infection of the jaw in wallabies it always occurred in the fully adult, but not necessarily in old, animals.
Lieut-Colonel Sir LEONARD ROGERS, F.R.S., read a paper on "Points of Resemblance in the Epidemiology and Treatment of Leprosy and Tuberculosis," which was discussed by Sir PERCY BASSETT-SMITH, Sir WILLIAM LEISHMAN, the PRESIDENT and Sir LEONARD ROGERS.
The paper is being published in two parts:-(I) " Tuberculosis Incidence and Climate in India. Rainfall and Wet Winds."
(British Medical Journal, February 7, 1925, p. 256).
(II) " The Resemblance between Tubercle and Leprosy." (British Journal of Tuberculosis, April, 1925 issue.) 
